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@ Semiconductor chip carrier and method of making it 

@ A semiconductor chip carrier for carrying a single chip (15) 
and having a built-in capacitor, comprises a ceramic insulator 
body (2) having first and second opposite main faces, and a 
plurality of conductor Dnes (6,7) comprising power lines, ground 
fines and signal tines for forming connections to said chip 
extending through said ceramic body (2) from one main face to 
the other. A layer (3) of ceramic dielectric material is embedded 
in said ceramic body remote from said main faces, and 
electrode layers embedded In the ceramic body (2) contact the 
capacitor layer (3), to form the built-in capacitor. The power and 
ground fines (16) pass through and contact the capacitor layer 
(3) and are connected to said electrodes so that said capacitor 
provides capacitance between the power fines and the ground 
Ones. To minimize noise generation and improve signal 
processing speed, the signal lines (7) do not contact said 
capacitor layer (3) and extend past ft at locations spaced 
laterally from It. 



FIG. 2 
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Description 



SEMICONDUCTOR CHIP CARRIER AND METHOD OF MAKING IT 



The pr sent inv ntion relat s to a carri r for 
carrying a single s miconductor chip, and to a 
semiconductor modul provided with at least one 5 
such carrier. Particularly the carrier is useful for 
semiconductor devices suitable for an electronic 
computer, for which a high transmission speed of 
signals is required. 

Recently, there has been a strong demand for w 
miniaturization of electronic equipment and elec- 
tronic devices by employing semiconductor chips 
such as IC's and LSI's. Accordingly, high-density 
substrates for packaging chips have been de- 
veloped. The substrate should include resistors and 15 
capacitors so that the size of the semiconductor 
module is minimized. 

US-A-4,349,862 (corresponding to JP- 
A-82-37818) discloses a ceramic carrier for chips, in 
which arrays of capacitor elements are located 20 
between pairs of metallized glass ceramic laminating 
materials. Each capacitor element is a small area of 
dielectric materia* and has a pair of correspondingly 
sized electrodes, connected to conductor lines 
passing through the carrier at locations spaced from 25 
the capacitor elements. Since these capacitor 
elements must be formed by printing the capacitor 
elements and electrodes, a capacitor of high 
dielectric material is difficult to obtain. 

JP-A-85-177696 discloses a chip substrate ce- 30 
ramie chip carrier comprising layers of dielectric 
ceramic material and insulator ceramic material 
laminated into one body. This is a composite ceramic 
substrate in which at least one of a resistor, a 
capacitor and a signal circuit and a power source 35 
circuit are provided. Packaging pads for electrical 
elements are provided on both surfaces of the 
substrate. The large electrode patterns connected 
to the power and ground conductors mean that a 
composite ceramic substrate with excellent noise- 40 
reducing capability has been realised. However, the 
capacitor layer extends over the whole area of the 
substrate, so that noise propagation to signal 
conductors remains a problem. This problem of 
noise induced in signal lines due to power/ground 45 
signals, when two or more devices operate simulta- 
neously, has recently been noticed. The present 
invention seeks to solve It as discussed further 
below. 

JP-A-86-47961 discloses a composite ceramic 50 
substrate, wherein independent capacitor elements 
are moulded in one body with conductor wiring 
which electrically connects the capacitor elements 
to external electrodes, using insulating ceramics. 
The humidity-proof characteristic of the substrate is 55 
improved by sealing. This document Is not con- 
cerned with the connection of conductor lines to a 
semiconductor chip. 

JP-A-87-211995 discloses a method of manufac- 
turing a ceramic circuit board comprising capaci- 60 
tors, by the steps of printing an electrode layer and a 
dielectric layer on an opposed pair of ceramic green 
sheets, laminating ceramic green sheets and sinter- 



ing them in one body. Again this document si not 
concerned with connections in chip carriers. 

The prior art documents described so far aim to 
minimize the size of the equipment by providing a 
resistor and a capacitor within the substrate. 
However, the computing speed required particularly 
for a large-scale electronic computer is not taken 
into consideration in these documents. 

High packaging density, minimization of sizes, and 
increase in computing speed have been required for 
electronic equipment, particularly for a large-scale 
electronic computer. The acceleration of computing 
speed in an electronic computer increases the 
number of logic circuits which are switched simulta- 
neously. However, noise that impairs signal speed is 
generated by simultaneous switching. To reduce 
noise generated by the simultaneous switching, a 
capacitor Is incorporated into a circuit 

In the prior art structures, increase of signal 
transmission speed is limited because the dielectric 
used to form a capacitor makes contact with a signal 
conductor in which an electrical signal is trans- 
mitted, or because the capacitor is connected to 
power and ground conductors via wiring embedded 
in an insulator. In such structures, therefore, the 
electrical signal is delayed when transmitted through 
a high dielectric. Alternatively, inductive effects in 
the wiring connecting the capacitor to the power and 
ground lines increase noise. The acceleration of 
computing speed made possible by providing a 
capacitor is thus limited. 

It is an object of the present invention to provide a 
semiconductor chip carrier for a single chip which 
incorporates a capacitor without causing a deterior- 
ation of signal transmission speed. It is another 
object to provide a method of manufacturing such a 
carrier. 

In one aspect, the present invention provides a 
semiconductor chip carrier for carrying a single chip 
and having a built-in capacitor, comprising 

a) a ceramic insulator body having first and 
second opposite main faces, 

b) a plurality of conductor lines comprising 
power lines, ground lines and signal lines for 
forming connections to said chip when the 
latter Is mounted on one of said main faces, 
each of said conductor lines extending through 
said ceramic body from one said main face t 
the other, 

c) at least one capacitor layer of ceramic 
dielectric material embedded in said ceramic 
body remote from said main faces, 

d) electrode layers embedded in said ceramic 
body and contacting said capacitor layer, t 
form said built-in capacitor. Th carrier is 

characterized in that th power and ground lines 
pass through and contact said capacitor layer and 
are connected to said electrodes so that said 
capacitor provides capacitance betwe n the power 
lines and the ground lines. While the signal lines d 
not contact said capacitor layer and extend past it at 
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locations spac d lat rally from it. Th pow r and 
ground conductors are connect d respectiv ly to 
opposite electrodes of the capacitor. Preferably the 
chip carrier has no circuitry, apart from th capaci- 
tor, and the conductors in it are straight. 

Preferably there is a single capacitor layer only, 
and preferably there are tw el ctrodes only, 
respectively on opposite faces of the single capaci- 
tor layer. 

Preferably, the power and ground lines on the one 
hand and the signal lines on the other hand are 
grouped into respective zones as seen in plan view 
looking onto one said main face such that one of the 
following arrangements (a) and (b) applies 

a) the power and ground line zone is a central 
zone of the carrier surrounded by the signal line 
zone 

b) the signal line zone is a central area of said 
carrier surrounded by the power and ground 
fine zone. 

In one embodiment, the ceramic insulator body 
comprises a ceramic glass and sintered barrier 
layers are provided on each face of said capacitor 
layer to prevent diffusion of components of the 
dielectric layer into the ceramic glass during firing of 
the chip carrier. 

The invention further provides a semiconductor 
chip carrier as described above having a single 
semiconductor chip mounted thereon and con- 
nected to said conductor lines. Trie chip may be 
mounted on the carrier by solder elements which 
make direct connection between electrodes of the 
chip and the conductor lines of the carrier at one 
main face of the carrier. 

The chip may be hermetically enclosed by a 
ceramic housing sealed to the chip carrier. 

Yet further, the invention provides a semiconduc- 
tor apparatus having a semiconductor wiring circuit 
board carrying a plurality of semiconductor chips, 
wherein each said chip is Individually mounted on the 
circuit board by a semiconductor chip carrier as 
described above. Thus each carrier has a single chip 
on it 

in another aspect, the invention provides a 
method of manufacture of a semiconductor chip 
carrier for carrying a single chip and having a built-in 
capacitor comprising assembling and co-firing a 
plurality of green sheets of ceramic material having 
through-holes filled with conductive material to form 
conductor lines in the finished carrier. The green 
sheets comprise 

(a) at least one green sheet of dielectric 
material which in the fired carrier forms a 
capacitor layer of said capacitor, 

(b) at least two green sheets of insulator 
material embedding said at least one green 
sheet of dielectric material and having a larger 
area than said at least one green sheet of 
dielectric material, whereby some of said con- 
ductor lines which are to be signal lines do not 
contact said dielectric material, There is elec- 
trode-forming materia] embedded in the assembled 
green sheets adjacent green sheet or sheets of 
dielectric materia) to form electrodes of said capaci- 
tor. 



Preferably th gr en h t or she ts of diel ctric 
material are located in th assembled green sh ts 
remote from the edges of the green sheets of 
insulating material. 
5 The invention furthermore provide combinations 
of green sheets, for use in manufacturing a semicon- 
duct r chip carrier for carrying a singl chip and 
having a built-in capacitor, as describ d above. 
In this invention, the signal conductors do not 
10 pass through the capacitor, but the power and 
ground conductors do pass through the capacitor. 
This means that the electrical signals pass only 
through the portion with a low dielectric constant, 
whereby the acceleration of the signal transmission 
15 velocity is made possible. On the other hand, the 
loss of capacitance can be reduced because the 
power and ground conductors are directly in contact 
with the dielectric of the capacitor, whereby the 
electric signal waveform is improved and the amount 
20 of noise is reduced. 

Embodiments of the invention will now b de- 
scribed by way of non-limitative example, with 
reference to the accompanying drawings, in which :- 
Figs. 1A-1D are process diagrams showing 
25 the manufacturing process for the semiconduc- 

tor chip carrier of Fig. 2 embodying the pr s nt 
invention; 

Rg. 2 is a sectional view showing a semicon- 
ductor device embodying the present invention, 
30 comprising a chip, a carrier and a housing for 
the chip; 

Fig. 3 is an enlarged sectional view of part of 
Fig. 2; 

Rg. 4 is a graph correlating the spacing of th 
35 conductor and the capacitance between the 

conductor and an electrode in Rg. 3; 

Fig. 5 is a sectional view showing anoth r 
semiconductor device embodying the inven- 
tion, comprising a chip, a carrier and a housing 
40 for the chip; 

Rg. 6 is a sectional view showing part of a 
semiconductor module according to the pres- 
ent invention, having a plurality of chips and 
chip carriers; 

45 Rg. 7 Is a perspective view, partly cut-away 

showing the module of Fig. 6; 
Rg. 8 is a perspective view showing a 

computer package having a plurality of modules 

of Rgs.6and7; 
50 Fig. 9 shows a plurality of green sheets, ready 

for firing to produce the chip carrier of Fig. 10; 

and 

Rg. 10 is a sectional view of a further 
semiconductor chip carrier embodying the 
55 Invention. 

Fig. 1 shows a method of manufacturing a single 
chip carrier 1 according to the invention, shown in 
Figs. 2 and 3. Fig. 1d and Rg. 2 show that In the 
carrier 1 a capacitor 3 is located within a body of 
60 ceramic insulating material 2. The capacitor 3 
consists of a dielectric 4 and electrodes 5. The 
capacitance of the capacitor 3 is preferably from 0.01 
to 1 uF, and its function is that of reducing nois . A 
capacitance of less than 0.01 pF may b insufficient 
65 to reduce noise. A capacitanc of up to 1 u.F or ven 
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more is preferable for achieving a good noise 
reduction, but about 1nF is thought to be a present 
practical upper limit. 

The dielectric 4 of the capacitor 3 is a material with 
a high diel ctric constant to provide the capacitance 
of the capacitor portion. A capacitor material with 
dielectric constant of not more than 500 can of 
course be used, but the capacitance may be not 
more than 0.01 when the number of layers is 
small, which means that sufficient noise reduction 
may not be achieved. The capacitance can be 
Increased by increasing the number of layers. 
However, it becomes difficult to manufacture the 
capacitor with material of a low dielectric constant if 
the number of layers is five or more. Therefore, in the 
invention the dielectric 4 is preferably made of a 
materia! with dielectric constant from 500 to 20,000, 
the higher values being better, and a dielectric 
constant of 20,000 or more is of course desirable. 
The dielectric constant of the insulating material for 
the layer 2 is preferably from 3 to 6 to maintain a high 
signal transmission velocity. 

A plurality of power and ground conductors 6 
(four are shown in Fig. 1) pass straight through the 
body of insulating material 2 at the position where 
the capacitor 3 is located. The conductors 6 are in 
direct contact with the dielectric 4 of the capacitor 3 
and are connected to the electrodes 5. A plurality of 
signal conductors 7 pass straight through the body 
of insulating material 2 outside the region where the 
capacitor 3 is located. 

In practice a large number of power and ground 
conductors 6 and signal conductors 7 is used, but 
this is not shown in the drawings, for clarity. 
Preferably there are at least 100 of each, and there 
may be more than 200 of each. 

The manufacturing steps shown in Fig. 1 will now 
be described. First, a plurality of perforations or 
holes 9 are made In a green sheet 8 of ceramic 
insulating material. Some of the holes 9 are for signal 
conductors and others are for power and ground 
conductors. Similarly perforations 11 for the power 
and ground conductors are made in a green sheet 10 
of dielectric material which has a smaller area than 
the sheet 8. The holes 9 and 1 1 are filled in the green 
sheets 8 and 10 with conductive pastes 12 and 13. A 
metal pattern 14 which serves as an electrode 5 of 
the capacitor is printed on the green sheet 8. At least 
two, and optionally more, identical green sheets 8 
are manufactured to make a laminated layer, with 
two carrying electrode patterns 14. The dielectric 
green sheet 10 is held between the two green 
sheets 8 carrying electrodes, with the position of 
each perforation on the sheets adjusted so that the 
conductor pastes 12 and 13 are aligned on the same 
axis. The green sheets 8 and 10 are connected by 
hot pressing to make the carrier substrate 1. 

As Fig. 1 shows, each conductor 6 contacts one 
of the two electrodes 5 of the capacit r, depending 
on wheth r it i a pow r c nductor or a ground 
conductor. The capacitor thus provides th d sired 
capacitanc between the p wer conductors and the 
ground conductors. Preferably this is a single 
electrode 5 on each face of the diel ctric lay r4.The 
thickness of the layer 4, after firing, is preferably less 



than 100 \im f more preferably 30-50jim. 

One preferred material for the dielectric layer 4 is 
PbTi03.Pb(Nbi/2Fei/2)03Pb(Fei/2Wsy3)03, which is 
used In the specific mbodiments given below. Two 
5 particularly preferred ceramic materials for the 
insulator b dy 2 are used in th s specific embodi- 
ments. They are 

(i) a Bi 2 03.Si02 based glass, with AI2O3 filler 

(ii) a MgO.CaO.Si02.Al203 based glass, with 
10 AI2O3 filler. 

In order to avoid problems arising from different 
shrinkage behaviour of adjacent layers during firing, 
it is preferred to choose materials for the insulating 
green sheets and the dielectric green sheet or 
15 sheets such that all the green sheets have (a) 
approximately the same temperatures of starting 
and finishing shrinkage during firing and (b) approxi- 
mately the same amount of shrinkage. 
Specific examples are now described, with ref- 
20 erence to Figs. 1 to 3. "PHR" means parts by weight 
and "<Vb" means o/b by weight. 

EMBODIMENT 1 
The insulating green sheets are prepared as 

25 follows. 

A slurry is prepared to make a green sheet. The 
materials comprising the slurry are: a glass powder 
with an average particle diameter of 5 jun, containing 
9-15<Vb MgO, 0-5<Vb CaO, 35-45<to AI2O3, and 40-55<Vb 

30 B2O3, in total 1000A>, calculated as oxides; and an 
Si02 powder with an average particle diameter of 
1jim. The glass powder and the Si02 powder are 
blended at a ratio of 95-40<Vb to 5-6004). Added to the 
blended powder are 20PHR binder, 124PHR trfchlo- 

35 roethylene, 32PHR tetrachloroethylene, 44PHR 
n-butylalcohol. Then the materials are subjected to 
24 hours of wet mixing in a ball mill to form the slurry. 
The slurry is adjusted to a suitable viscosity by 
vacuum deaeration treatment. 

40 The slurry is applied to a polyester film coated with 
silicone by a doctor blade method to 0.5mm 
thickness, and is then dried to make a green sheet 8 
of the Insulating material. 
A green sheet 10 of 50 jam thickness made of 

45 dielectric material is formed in a similar manner. The 
dielectric material used is a ceramic with a dielectric 
constant of nearly 10,000, the main constituents of 
which are PbO, Fe20s, WO3, TIO2 and Nb203. 
As shown in Fig. 1 , holes 9 of 10041m diameter are 

50 made In the insulating material green sheets 8, and 
holes 11 of lOO^im diameter are made in the 
dielectric green sheet 10. 

Ag-Pd conductor pastes 12 and 13 containing 15- 
304b Pd with a suitably adjusted viscosity are filled 

55 into the holes 9 and 11. A pattern serving as an 
electrode 14 of the capacitor is printed on the central 
area of the green sheet 8 corresponcfing to the sheet 
10 using Ag-Pd conductor paste containing 15-30<Vb 
Pd. The diel ctric green sheet 10 is held between the 

60 central areas of two of the green insulating sheets 8, 
and then th plurality of insulating green she ts8in 
which the Ag-Pd condcutor past is present are 
laminated, and then join d by hot pressing. The 
conditions for pressure joining are a temperature of 

65 1 00° C and a pressure of 10kgf/cm 2 . The laminated 



7 



EP 0359 513 A2 



8 



plate made by the above process Is subjected to a 
temperature rise at a rate of not more than 100°C/h 
for rem val of the binder at 500° C for thr e hours, 
andth n subject dtoat mp ratureris at a rate of 
200°C/h, and fired at 900-1000°C. The firing atmos- 
phere is air. 

The carrier is 1 mm thick and the conductors 6,7 
are of 80^m diameter in this embodiment. The 
electrostatic capacity of the capacitor 3 formed at 
the centre of the carrier substrate 1 is approximately 
0.1 The dielectric layer 4 Is 40pm thick. No 
cracking or peeling is found adjacent to the buiit-in 
capacitor 3. No warp or deformation is found in the 
carrier 1. 

The signal tines 7 in the carrier substrate 1 do not 
pass through the dielectric layer of the capacitor 3. If 
the carrier with a capacitor located over the entire 
area of the carrier and in contact with the through 
holes of the signal wiring is taken as standard 
(lOWo), the signal transmission velocity can be 
increased by 10<>/o in this embodiment of the 
invention. 

EMBODIMENT 2 

The Ag-Pd conductor paste is filled in through 
holes of the insulating green sheet 8 made in 
embodiment 1, and is printed as the pattern to serve 
as an electrode for capacitor 3. After drying of the 
green sheet 8, a dielectric paste made from the 
dielectric powder used In embodiment 1 is printed 
onto it. This green sheet is held between other green 
sheets 8 and a plurality of sheets is laminated, joined 
by hot pressing, and fired at 900-1 000° C as in Fig. 1. 
The firing atmosphere is air. 

The electrostatic capacity of the capacitor 3 
formed inside the carrier substrate is approximately 
02\lF and the thickness of the dielectric 4 is 20pm. 
No cracking or peeling is found adjacent to the 
built-in capacitor. No warp and deformation is found 
in the carrier. The signal transmission velocity can be 
increased by 18<Vb in this embodiment, compared 
with the corresponding carrier in which the dielectric 
layer extends over the full area of the carrier and 
contacts the signal conductors. 

EMBODIMENT 3 

The materials comprising the slurry for the 
insulating sheets are: a glass powder with an 
average particle diameter of 5\vm, containing 
70-8CKVb Si0 2( 10-20<Vb B2O3, 0-0^Vb AI2O3, O-50/o 
K2O and 0-02% ZnO, in total 100%, calculated as 
oxide; and an AI2O3 powder with an average grain 
diameter of 1pm. The glass powder and the AI2O3 
powder are blended at a ratio of 90-60% to 10-40%. 
To the blended powder are added 20 PHR phthalic 
acid binder, 124 PHR trichloroethytene, 32 PHR 
tetrachloroethylene, and 44 PHR n-butylalcohol. And 
then the materials are subjected to 24-hours wet 
mixing to make the slurry. A green sheet 8 is made in 
a similar manner to embodiment 1. 

An Ag-Pd conductor paste is filled into the 
through holes and an electrod is printed. The 
dielectric green sheet as made In embodiment 1 is 
held between green insulating sheets as in embodi- 
ment 1, and the laminate is joined by hot pressing, 



and fired at 900-950° C. The firing atm sphere is air. 

In this case, the electrostatic capacity of the 
capacitor form d at th c nter of th carrier 
substrat is approximately 0.1 \iF and the dielectric 

5 layer is 40jim thick. No cracking or peeling is found 
adjacent to the incorporated capacitor. The signal 
transmission velocity can be increased by 10% in 
this embodiment, compared with the corresponding 
carrier in which the dielectric extends over the whole 

10 area and contacts the signal conductors. 

EMBODIMENT 4 

The through holes are filled and electrodes are 
formed using a gold paste instead of the Ag-Pd 

15 conductor paste used in embodiments 1-3. No 
cracking or peeling is found adjacent to the built-in 
capacitor. A ceramic carrier substrate incorporating 
a capacitor with highly reliable migration properties 
is realised by using gold. If a carrier with the 

20 dielectric in contact with the signal line is taken as a 
standard, the delay time can be reduced by 10-18%, 
and the signal transmission velocity is increas d by 
10-180/o in this embodiment. 
Fig. 2 shows an LSI chip 15 mounted on the 

25 carrier 1 made as shown in Fig. 1 and hermetically 
sealed by a housing 16. A heat transfer block 17 is 
provided between the LSI chip 15 and the housing 
16, so that heat generated by the LSI chip 15 is 
radiated. The housing 16 may be provided with a 

30 passage for refrigerant, which is not shown. The LSI 
chip 15 is connected to the conductors 6 and 7 of 
the carrier substrate 1 by solder terminals 18 and the 
solder region is fixed within a resin layer 19. A 
soldering terminal 20 on the other surface of the 

35 carrier substrate 1 is provided at the ends of each 
conductor 6 and 7 to be connected to another 
module substrate. 

A single LSI chip 15 is mounted on one carrier 1 
which is not able to hold more than one chip. The 

40 capacitor 3 is located at the central area only of the 
carrier substrate 1. The power and ground conduc- 
tors 6 are grouped at this central area of the carrier 
1, and the signal conductors 7 are grouped at the 
outer area of the carrier 1 surrounding the c ntral 

45 area. The signal conductors 7 do not pass through 
the dielectric layer of the capacitor 3. Sine th 
capacitor 3 is provided at the core of the carrier 
substrate 1, the distance between the dielectric 4 
and the LSI chip 15 can be reduced and a remarkable 

50 reduction in noise Is achieved. 

The distance D (Rg. 3) from each signal conduc- 
tor 7 of the carrier 1 to the end surface of the 
capacitor 3 i.e. the nearest electrode 5, is at least 
50pm, preferably 100jim or more. Rg. 4 shows how 

55 the capacitance (in fF) between a signal line 7 and 
the nearest electrode 5 typically varies with the 
distance D. To achieve a capacitance of less than 
0.25 pF, this distance D should be at least 50jim. 
Rg. 4 is a computer simulation, assuming that th 

60 dielectric constant of the insulator 2 Is infinit , the 
dielectric constant of the layer 2 is 5 and the 
thickness of the layer 4 is 30 ^m. 

Rg. 5 shows another embodiment in which, as 
se n In plan view, the capacitor 3 is located at a 

65 peripheral zon extending around the periphery of 
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the carrier 1, and the power and ground conduc- 
tors 6 ar located at this peripheral zone which 
surrounds a c ntrai zone at which th signal 
conductors 7 are located. In other respects, this 
mbodiment is the same as that of Fig. 2. 
Fig. 6 shows part of a semiconductor module 
according to the pr sent invention, having a plurality 
of carriers 1 as described above, each carrying a 
single chip 15 and connected to a module substrate 
21 by soldering terminals 20. The module substrate 
is a multi-layer circuit board formed by laminating 
layers of insulating material 22. Only a few wiring 
connections are shown, for clarity. Within the 
module substrate 21, are signal conductors 23 and 
power conductors and ground conductors 24. 
Exterior connections are via input pins 25. The 
semiconductor module substrate 21 is mounted on a 
multi-layer print board 26 by the input pins 25 as 
shown in Fig. 7. The pins 25 are received in through 
holes 30. 

In Fig. 6 the chips 15 are not covered by individual 
housings as in Fig. 2, but as shown in Fig. 7 are all 
enclosed by a single housing 16 sealed to the 
substrate 21. The housing 16 has a large number of 
coolant passages 27 and a coolant inlet 28. Thermal 
transfer discs 29 contact the individual chips 15 to 
establish good heat flow. 

In the carrier 1 for a semiconductor chip, the area 
of the carrier occupied by the capacitor is preferably 
within the range 4O-60«%), as seen in plan view, to 
achieve effective operation of the LSI. Furthermore, 
when the chip 15 is mounted, the capacitor layer 4 
preferably overlaps 30 to 70% of the chip area (as 
seen in plan view), more preferasbly 40 to 60%. 
Although there may be several power sources for 
driving the LSI, noise can be substantially reduced 
by providing the capacitor with power source 
electric potential and an earth electric potential for 
each power source Independently. 

Fig. 8 shows a computer package device accord- 
ing to the present invention. The module substrate 
21 of the several semiconductor modules as shown 
in Fig. 7 is made in one body and is electrically 
connected to a back board 32 by connectors 31. 
With this structure employing the invention, simulta- 
neous changeover noise can be effectively reduced, 
and the computing velocity of a large-scale com- 
puter can be accelerated by 10%. 

Referring now to Figs. 9 and 10, there is shown a 
method of making a single chip carrier 41 embodying 
the invention, in which, in addition to the green 
sheets 42 of the insulating material and the elec- 
trodes 46, there are intermediate sheets 45 on each 
side of the dielectric sheet 44. The function of these 
intermediate sheets 45 is to prevent diffusion of 
material of the insulator sheets 42 into the dielectric 
sheet 44 during the heating of the assembly, and 
also to prevent chemical reaction between the 
insulator material and the dielectric material. 

The material us d for the intermediate layers 45 
should not react or fuse with the Insulator 42 or the 
dielectric 44. Its melting point should exceed those 
of the insulator material 42 and th dielectric 44. 
BaTiOs, MgO. Zr0 2 , BaO, AIN, Si0 2 , Al 2 0 3 and 
mixtures th reof are suitable for the layers 45. 
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In more detail, the desired number f holes are 
made in gr n sheets 42 mad of a ceramic 
insulating material. Som of th se holes are for th 
signal conduct rs 48 and the rest are for the power 

5 and ground conductors 47. Similarly, holes are made 
in green sheets 45 of material for the int rmediate 
layers. Likewise, holes are made in a green sheet 44 
for the dielectric. The holes in the green sheets 42,44 
and 45 are filled with conductor paste. A pattern for 

10 the electrodes 46 of the capacitor is printed on 
intermediate layer green sheets 45. Next, the sheets 
42,44,45 are assembled with the holes aligned with 
each other. The laminate of the green sheets 
42,44,45 is united by hot pressing, and the carrier 1 

15 is formed. 

A particular example of this method is given 
below. 

EMBODIMENT 5 

20 First, slurry for producing a green sheet 1 is made. 
As a powder material, a glass powder with an 
average particle diameter of 5|im is composed of 
Si02 70 to 80%, B2O3 10 to 20%, AI2O3 0 to 0.2%, 
K2O 0 to 5% and ZnO 0 to 029/6 in total 100%, 

25 calculated as oxide. This mixture is combined with 
AI2O3 powder as filler with an average grain diameter 
of Iujti. The amount of the glass powder is 90 to 
6OO/0 and the amount of AI2O3 powder 10 to 40%. A 
binder made of phthalic acid (20 parts), trichlo- 

30 roethyien (124 parts), tetrachloroethylene (32 parts) 
and n-butyl alcohol (44 parts) is added to this 
powder and mixed in a ball mill for 24 hours to make 
the slurry. Next, the slurry Is adjusted to an 
appropriate viscosity by a vacuum deaeration pro- 

35 cess. The slurry is then applied onto a polyester film, 
on which silicone is coated, to a thickness of 0.2 mm 
using a doctor blade. The film dries to form the green 
sheet for the insulating material. The required 
number of sheets 42 are thus made. 

40 By a method as above, a green sheet 44 with a 
thickness of 50um is made for the dielectric material. 
The dielectric material is ceramic, with a dielectric 
constant of about 15000. ft is mainly composed of 
PbO, Fe 2 0 3 , WO3. Ti0 2 and Nb 2 06. 

45 Similarly, green sheets with a thickness of SOum 
are made for the intermediate layers 45. BaTiOs is 
the primary component for this material. BaHOs is 
fired normally at 1300° to 1400°C but not In this 
example. 

50 Then holes with a diameter of 150u/n are made as 
shown in Fig. 9 in the green sheets 42,44,45. The 
holes are filled with an Ag-Pd conductor paste 47,48 
having a Pd content of 15% to 30% and a viscosity 
suitably adjusted for the purpose. Patterns for the 

55 electrodes 6 of the capacitor are printed on the 
intermediate layer green sheets 45 using the Ag-Pd 
conductor paste with a Pd content of 15% to 30%. 
After natural drying, dielectric green sheet 4 is put 
between the green sheets of the intermediate layers 

60 and th central area of insulator green she ts 2. 
Apertured insulator sheets 42 with the sam thick- 
ness as the sandwich d dielectric and intermediate 
layers 44,45 surround th latter. The assembly is 
pr ssed by a hot pr ss method. Th pressure is 50 

65 kgf/cm 2 . Th temperature is raied by less than 
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10O°C/h to remov th binder, and after degreasing 
at 500° C for 3 h, it is raised by 200° C/h and fired at 
850° to 900°C. It is fired in air. 

The electrostatic capacitance of the capacitor 43 
formed at the centre of the carrier substrate 41 is 5 
about 0.3nF, and the thickness of the dielectric 44 is 
40^rn. Diffusion of the insulator material was not 
found in the built-in capacit r, and nor were there 
cracks or peeling off around it. Also, there was no 
warpage or deformation of the carrier substrate 41. 10 
The total thickness of the carrier is 1 mm, and the 
through hole diameter is 120jim. 

In an alternative form of embodiment 5 just 
described, two additional green sheets of the 
dielectric material are provided, one on each side of 15 
the dielectric sheet 44 and between the dielectric 
sheet 44 and the intermediate sheet 45 of BaTiOs. 
These additional green sheets of dielectric material, 
not the sheets 45, carry the electrode patterns 
adjacent the sheet 44. In this case, no diffusion of 20 
oxide, particularly PbO, out of the dielectric sheet 44 
occurs during firing so that the desired composition 
of this sheet Is accurately maintained, giving the 
desired dielectric constant. In a further modification 
of this alternative, the sheets 45 are omitted. 25 



Claims 

1. A ceramic semiconductor chip carrier for 30 
carrying a single chip (15) and having a built-in 
capacitor (3;43) providing capacitance between 
conductor lines comprising power, ground and 
signal lines (6 f 7;47,48) for the chip extending 
through the carrier, said capacitor being formed 35 
by at least one dielectric layer (4;44) and 
electrodes (5;46) embedded in the carrier, said 
power and ground lines (4;47) passing through 

said dielectric layer (4;44) making contact 
therewith and being connected to said elec- 40 
trodes (5;46) at the faces of the dielectric layer 
so that the capacitance is between the power 
Ones and the ground lines, characterized in that 
said signal lines (7;48) extend past the dielec- 
tric layer (4;44) without contacting it at loca- 45 
tions spaced laterally from it 

2. A semiconductor chip carrier according to 
claim 1 having a ceramic insulator body (2;42) in 
which said capacitor layer (4;44) of ceramic 
dielectric material is embedded remote from SO 
opposed main faces of said body (2), the 
electrodes (5) being electrode layers em- 
bedded in said ceramic body (2) and contacting 

said capacitor layer (4). 

3. A semiconductor chip carrier according to 55 
claim 1 or claim 2 wherein each said signal line 
(7;48) is spaced laterally from said dielectric 
layer (4;44) by not less than 50 jim. 

4. A semiconductor chip carrier according to 
claim 3 wherein each said signal line (7;48) is 60 
spaced laterally from said dielectric layer (4;44) 

by not less than 100 jim. 

5. A semiconductor chip cani r according to 
any one of claims 1 to 4 wherein there is a single 

said capacitor lay r(4;44). 65 



6. A semiconductor chip carrier according to 
claim 5 wherein ther are two said electrodes 
(5;46) oniy, respectively on opposite faces of 
said single capacitor layer (4;44). 

7. A semiconductor chip carrier according to 
any one of claims 1 to 6 wherein each said 
conductor line (6,7;47,48) extends substantially 
straight through said carrier from one main face 
thereof to the opposite main face thereof. 

8. A semiconductor chip carrier according to 
any one of claims 1 to 7 wherein the power and 
ground lines (6;47) on the one hand and the 
signal lines (7;48) on the other hand are 
grouped into respective zones as seen in plan 
view looking onto one main face of said carri r 
such that one of the following arrangements (a) 
and (b) applies 

a) the power and ground line zon is a 
central zone of the carrier surrounded by 
the signal line zone 

b) the signal line zone is a central area of 
said carrier surrounded by the power and 
ground line zone. 

9. A semiconductor chip carrier according to 
any one of claims 1 to 8 wherein the dielectri 
constant of the capacitor layer (4;44) is at least 
500. 

10. A semiconductor chip carrier according to 
any one of claims 1 to 9 wherein the capacit- 
ance between the power lines and ground lines 
(6;47) is at least 0.01 jiF. 

1 1 . A semiconductor chip carrier according to 
any one of claims 1 to 10 wherein the total 
number of power and ground lines (6;47) is at 
least 100 and the total number of signal lines 
(7;48) is at least 100. 

12. A semiconductor chip carrier according to 
any one of claims 1 to 1 1 wherein the thickness 
of the capacitor layer (4;44) is not more than 10 
Urn. 

13. A semiconductor chip carrier according to 
any one of claims 1 to 12 wherein th 
capacitance between each said signal line 
(7;48) and the nearest of said electrodes (5;46) 
thereto is not more than 0.25 pF. 

14. A semiconductor chip carrier according to 
any one of claims 1 to 13 having a ceramic 
insulator body (2) of ceramic glass and sintered 
barrier layers (45) on each face of said dielectric 
layer (4) to prevent diffusion of components of 
the dielectric layer (4) into the ceramic glass 
during firing of the chip carrier. 

15. A semiconductor chip carrier according to 
any one of claims 1 to 14 having a single 
semiconductor chip (15) mounted thereon and 
connected to said conductor lines(6,7;47,48). 

16. A semiconductor chip carrier and chip 
according to claim 15 wherein said chip (15) is 
mounted on said carrier by solder elements (18) 
which make direct connection between elec- 
trodes of th chip and said conductor lines 
(6,7;47,48) at one main face of the carrier. 

17. A s miconductor chip arrier and chip 
according to claim 15 or claim 16 wh rein said 
chip (15) is hermetically enclosed by a ceramic 



7 



13 EP 0 359 513 A2 14 



housing (16) sealed to said chip carrier. 

18. A semiconductor chip carrier and chip 
according to any one f claims 15 to 17 wherein 
a layer of resin (19) bonds said chip (15) to said 

chip carrier. 5 

19. A semiconductor chip carri r and chip 
according to any ne of claims 15 to 18 
mounted on a wiring circuit board (22). 

20. A semiconductor apparatus having a 
semiconductor wiring circuit board (22) car- w 
rying a plurality of semiconductor chips (15), 
wherein each said chip (15) is individual V 
mounted on said circuit board by a semicon- 
ductor chip carrier (1) according to any one of 
claims 1 to 14. /5 

21. A semiconductor module comprising at 
least one wiring circuit board (22) according to 
claim 20 and a housing (16) enclosing said 
carriers (1) and said semiconductor chips (15) 
thereon, said housing having means (18,27) for 20 
flow of coolant fluid to cool said chips. 

22. A method of manufacture of a semiconduc- 
tor chip carrier according to claim 1 , comprising 
assembling and co-firing a plurality of green 
sheets (8,10;42,44,45) of ceramic material hav- 25 
ing through-holes (9) filled with conductive 
material (12;47,48) to form conductor lines in 

the finished carrier, wherein said green sheets 
(8,10;42,44,45) comprise 

(a) at least one green sheet (10;44) of 30 
dielectric material which in the fired carrier 
forms a capacitor layer of said capacitor, 

(b) at least two green sheets (8;42,45) of 
insulator material embedding said at least 

one green sheet of dielectric material and 35 
having a larger area than said at least one 
green sheet of dielectric material, whereby 
some of said conductor lines which are to 
be signal lines do not contact said dielec- 
tric material, there further being electrode- 40 
forming material (14;46) embedded in the 
assembled green sheets adjacent said green 
sheet (10;44) of dielectric material to form 
electrodes of said capacitor. 

23. A method according to claim 22 wherein 45 
said green sheet (10;44) of dielectric material is 
located in the assembled green sheets remote 
from the edges of the green sheets (8;42 f 45) of 
insulating material. 

24. A method according to claim 22 or claim 23 so 
wherein said green sheets (8;42,45) of insulator 
material and said at least one green sheet 
(10;44) of dielectric material all have approxi- 
mately the same temperatures of starting and 
finishing shrinkage during firing and approxh 55 
mately the same amount of shrinkage during 
firing. 

25. A method according to any one of claims 
22 to 24 wherein said green sheets further 
comprise at least two interm diate sheets (45) 60 
locat d adjacent respectively opposite sides of 

said green she t (44) f dielectric material, to 
provide a barrier against diffusion of matter 
from th sheets of insulat r material (42) into 
the capacitor layer (44) during firing. 65 



26. For use in the method of any one of claims 
22 to 25, a combination of green sheets 
(8,10;42,44,45) of ceramic material having 
through holes (9) filled with conductive material 
(12;47,48) to form conductor lines in the 
finish d carrier, said green sheets comprising 

(a) at least one green sheet (10;44) of 
dielectric material which in the fired carrier 
forms a capacitor layer of said capacitor, 

(b) at least two green sheets (8:42,45) of 
insulator material having a larger area than 
said at least one green sheet (10;44) of 
dielectric material, such that on assembly 
and firing of said green sheets some 
conductor lines formed do not pass 
through said capacitor layer and other 
conductor lines formed do pass through 
said capacitor layer, said green sheets 

further carrying electrode-forming material 
(14;46) for forming electrodes adjacent said 
capacitor layer and contacting said conductor 
lines which do pass through said capacitor 
layer. 

27. A combination of green sheets according 
to claim 26 wherein there are more than two 
said green sheets (8;42) of insulator material 
and two of said sheets of insulator material 
carry said electrode-forming material. 

28. A combination of green sheets according 
to claim 26 further comprising at least two 
intermediate sheets (45) of composition differ- 
ent from that of said green sheets (42) of 
insulator material and adapted to form barrier 
layers to prevent diffusion of matter from said 
sheets of insulator material into the capacitor 
layer (44) during firing, said intermediate sheets 
(45) carrying said electrode-forming material 
(46) 
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® Semiconductor chip carrier and method of making it 



© A semiconductor chip carrier for carrying a sin- 
gle chip (15) and having a built-in capacitor, com- 
prises a ceramic insulator body (2) having first and 
second opposite main faces, and a plurality of con- 
ductor lines (6,7) comprising power lines, ground 
lines and signal lines for forming connections to said 
jvjchip extending through said ceramic body (2) from 
<(one main face to the other. A layer (3) of ceramic 
dielectric material is embedded in said ceramic body 
remote from said main faces, and electrode layers 
lO embedded in the ceramic body (2) contact the ca- 
m pacitor layer (3), to form the built-in capacitor. The 
If) power and ground lines (16) pass through and con- 
POtact the capacitor layer (3) and are conn cted to said 
q lectrod s so that said capacitor provides capaci- 
tance between the power lines and the ground lines, 
ft; To minimize noise generation and improve signal 



tions spaced laterally from it. 



Ul 



processing speed, the signal lines (7) do not contact 
said capacitor layer (3) and extend past it at ioca- 
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